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PREFACE

These investigations were carried out under the authority
contained in Contract No. DA-4L4-009 ENG L4420, "Analytical Aerial
Triangulation Error Analysis and Appiication of Compensating
Equations to the General Block Triangulation Adjustment Program.'

The investigation was conducted under the direction of
Professor Charles L. Miller and Mr. E. Phillip Gladding, Instructor,
Department of Civil Engineering. The investigation was conducted,

et e O ) - - . - .
from March 10, 1960 to March 10, 1962, by Messrs.z}uis Andrew R.,

Ziad M. Eljas, and Frank S. Greator;;;]Research Assistants in

Sy [US—

the Department of CEVfl Engineering. Also contributing to the

investigation were Messrs. Daniel R. Schurz, Instructor, Armen

Gabrielian, Student Assistant, and Lawrence Kalman, Student

Assistant.
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ABSTRACT

\

The_obj i jyitri-eg=peported—is-tooffect |mproved

accuracy in the supplied General Block Triangulation digital computer
deseerzd 5
programﬂthrough incorporathé in the program means of error adjustment

b
and compensation, T

_é;l) ghe nature of random and systematic errors and the basic
t;chnique; for treating their effects as applicable to the analytical
photogrammetric problem;

(2) the basic least squares method and its incorporation in the
computer program;

(3) complete mathematical description of the program;

(_Q) studies of the nature and effects of the imporFant error
sources: lens and camera errors, atmospheric refraction, film distortion;

(5) the study of various techniques for the solution of simultaneous
equations;

( 6) operating instructions; é«miﬁ

C Z) the results, conclusions, and resulting recommendations of test
runs of the final computer program.
The second volume contains t‘ appendices which consist of the

complete flow charts representing the original and final programs.
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program, thFOJgh lncor?oratht in the program means of error adjustment
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and compensation, T

POLL~PraSSREST
\~é;l) the nature of random and systematic errors and the basic \
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techniques for treating their effects as applicable to the analytlcal
photogrammetric problem; :
(2) the basic least squares method and its indorporation in the !
computer program; l
|
(3) complete mathematical description of the program;
(_Q) studies of the nature and effects of the important error
sources: lens and camera errors, atmospheric refraction, fiim distortion;
(5) the study of various techniques for the solution of simultaneous
equations; }

( 6) operating instructions;é&wf{

(‘Z) ths results, conclusions, and resulting recommendations of test !
runs of the final computer program.
The second volume contains tHef appendices which consist of the

complete flow charts representing the original and final programs.
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- FLOW CHART OUTLINE

J Original iBM 704 Computer Program ~ Flow Chart

Segment | ~ Chain |
START - Initializations
Read Control cards: J,P

FILE = !Imnput card read routine

ECARD =~ Preliminary processing and storing of
E-card data

GCARD - Preliminary processing and storing of
G-card data

DEXFR - Normal Matrix Bookkeeping

DEXPR - Termination of Segment | - tape writing

for Segment |l and print outs.

Segment |11 - Chain 2

CEQBE - Preliminary initializations
CEQES - General exposure station equation

forming routine

ESTYT - Test for type of exposure station and
transfer to corresponding equation forming
routine

ESTYA, ESTYB, ESTYC, ESTYD, ESTYE, ESTYF, ESTYG, and

ESTYH - control for forming of equations by exposure
station type

CEQST =~ Scaling and printing of condition equations

MATFR -~ Form normal equations

EQ!T, EQI2, EQI2A, and EQI3 - Conditional equation
forming routine

PHXYZ - Exposure station data processing

CEQFA - General ground point data bookkeeping for

equation forming

Al
Al-A2
A3
Al-pA9

A10-A18

AlS
A20

A22
A22

A23

A24-p29

A26-A27
A27
A30-A3L

A35
A36-AL3




- GPTYB, GPTYC, GPTYD, GPTYE, GPTYF, GPTYG, GPTYH, CEQFJ ALL-pLB
- control for forming of equations by ground
. point type
SUB1, SUB2, XYZRA - subroutines for computing ALS-AS59
gquantities used in equation forming
TEFCL - Process type A ground point A59-A61
SUEFX - Process type C ground point Ab62
. EQ56 - Equation former for ground point equation 56 A62-A65
EQl - Equation former for ground point equation | A66-A69
EQ2 - Equation former for ground point equation 2 A69-A76
EQ3L4 - - Equation former for ground points equation- A77-AB0
3h:
EQ5- - Equation former for ground point equation 5 AB0-A81.
f . o EQ6 - Equation former for ground point equation 6 A82-A83
‘ » EQGA - Equation former for ground point equation 6A AB3-A85 7
EQ7 - Equation former for ground point equation 7 AB5-A87
EQ70 - Equation former for ground point equation 70 A87-A91
‘ ' EQ 101, 102A - Equation former for ground point A92-A97
equations 101, 102, 103 ;
FCVSQ - Compute sum of squares of right hand sides of A98
the normal equations and print normal matrix
and constant vector and transfer to Segment 111 |
|
Segment i1l - Chain 3 |
RESEG3 - Initialize for Chebyshev rouéine A99-A102
CEBYA, CEBYB, CEBYC, CERYD, CEBYE, CEBYF, CF2YG - A103-Al04

Chebyshev routine for generating initial

values for the Steifel iteration method

- STEFB, STEFC, STEFD - Steifel solution initial- A104-A105
" jzations for execution of Steifel iteration
. cycle STEFL
STEFE, STEFF, STEFG, STEFM, SSDMT, SSDMD, SSDMP - A105-A107
Post Steifelcycle control routines

vi




STEFZ

SSVAL
SSEND
CHEBY
MXV -
STEFL
DPMXV
SEG3B
CMRBE

Non-convergence print out and control
routine

Error print out routine

Cycle solution print out routine
Routine used in CEBYF

Routine used in CEBYB

Steifel iteration routine used in STEFD
Routine used in STEFL

Initializations for segment 3B

Testing for sufficient convergences of

exposure station position vector

CORMR, CORREC, CMPUTE, AYEBEE, BEET, BB, DD, FF -

Routines using Steifel solution to correct
position vectors and orientation matrices

of exposure stations

CMTSX+3, ITERC, SEGTX =~ Print out and store on magnetic

tape corrected position vectors and orient-
ation matrices of every exposure station, and
test for transfer to resection computation or

to segment 2.

RESBE - initializations for resection routine
RESTR, LFXYZ, FXMAT, ... , FULLC, PRANG, PREST -

Computation, storing, and printing out of
exposure station position and orientation

parameters

GPRES, GPANL, GPCAL, GBCCB ~ Print out the given ground

point coordinates corresponding to different
pairs of photographs. Rewind magnretic tape, halt,
and transfer to start a new segment 3 iteration

if desired.

vii

Al07

Al107
A108
A109-A110
A110-A112
Al113=A117
A118-A120
Al21]
A12]

Al121-A125

A125-A127

Al127
A127-A134

A134-A139




Additions and Modifications to Original Program - Flow Chart

Segment 2 - Chain 2

TMX* - Formation of T matrix associated with each B1-B3
image point )

FRBWN ~ Write on magnetic tape condition equation B3-B5
and control data

CEQST ~ Print out coefficients of unknowns as in B5-B8

original program. Compute control words

defining equation type

MFALP - Equation 70 tape writing routine B8-B9
SUBT - Modified to include computations introduced B9-B10
by changes in conditional equations

EQl - Additions to original EQI Bl11-B12
EQ2 - Additions to original EQ2 B13-B17
EQ34 - Additions to original EQ3L4 B18-B20
EQ5 - Additions to original EQ5 B21-B22
EQ6 - Additions to original EQ6 B23-B25
EQ6A - Additions to original EQ6A B26-B28
EQ7 - Additions to original EQ7 B29-B30
ESTYA - Additions to original ESTYA B30-B32
EQIl - Additions to original EQl! B32
EQI2 - Additions to original EQ12 B32-B33
EQ12A - Additions to original EQI2A B33-B34
EQI3 - Additions to original EQI3 B34
EQ56 - Additions to original EQ56 B35-B38
EQI01 - Additions to original EQI10I B39-B40

Segment 23 - Chain 23

ECHO - Read conditional equations from tape B4T1-B43
FRBWN -~ Weight matrix and normal equation forming and BL4L-B50

storing routine

* Additions
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REWIND i47

132~ (RTX+24),

132+ (RTX+25),

PZE BUFFER, o,—«,—mzl

—(CSHZ+3}—*XR4

~] —— (RTX416},

-(orR)—d READ_CARDS
XR2—— (RTX+2T} | [HALF ROWS

TXH RTX+ {7 —dAC P

g BUFFER
Oyla223.

[copy ano %o (BUFFER - xR2) }-JL-ro-xrﬂ-—-{ O—’Ac;‘i -35]

1 CSH2+5) CSHa+6 )
END OF END OF
pRe-1xre FILE RECORD 2

1 FAILURE
2 FAILURES

BACK SPACE 132

XR4+I—+XR4 I

RO D

Sw i

“J' CARD
[TAKES THE CARD TTAGE] TOEX-5341)
IN BUFFER (O.L.Z... ‘ ATDEX~T)
APSD ARRANG S AS lie STALR+1)

cu.——-ch (BCD)
CL.2-13 «T{TiE+6 {BCh)
CL26-28--EXSTN  {INT)
ICL.29-35+GRPN  (INT}
CL.AQ -4¢=RAW  {INT
[CL.48-50 =~ RAW+1 (INT)
CL.8-58-+RAW+2 {FL)
CL%9-b2+RAW+3 (FL)
CL.63-72— DATE  (BCD)

© — (ESDATA-200Q)

CHECK TO INSURE
CARD JUST READ
AS A "J" CARD

FEUITGNUNE RESTORE PAPER

R e O DM

SELLE. CONYERTS BLANKS TO -O)




PKEDIT ANALYTIC AEROTRIANGULAT ION, JoB

PRINT ON' LINE
OR TAPE
SW4! -~ TAPE

1 —OM LINE

RAW = £ XKXRX
(rwm =) xxxz DATU”)

i p—y

[ -(EcLER+11)—xRe f-—{  CvEN

)—-_-( cveN

DATUM PACKED iNTO

( ECLER + 1B

| WORD (FIXEDY
- (:z"““ )‘_ BINARY FOINT serween (" ERROR )~ sTAR )

BITS 25 §26.

(PATUMIN GEOID)

z (2,INPUT WORDS FOR FocaL )

(FOCAL LENGTH AS | FLOATING PT NuM IN FOCAL) (15 NEGATIVE (-1}

FROM 6N. IN AC,

(STERA, = 6N )TLEEP

| -(EcLer~az)—xre f—(_ rFroar - FI—OIAT - ER:-I:,”;N (
R e G D R
N PACE AL

FLOATING

(EXSTN + 1= 6N)

AC———» EXSTN +|

FROM 20N IN AC,

[ecer-33)~xre —  cswe

FA%ED

(EXSTD,= 20N}

READ CARD OR TAPE
Y AN0 FORM BcD
IMAGE 'N BUFFER

PACE A1

FLOATING RESULT PLACED

FIXED ARGUMENT [N Ac)

INTO AL

) CHARACTERISTIC
TOO BIG OR Too SMALL [

Lor1h2, . 0n )
B W gy
( rFue — FILE )
"R CARD
IMAGES IN BUFFER (O,1,2.,...)
ARRANGED AC
oLy M1 (8cD)
CL B 12———= RAW (INT)
CL. [4~23——aRAWH!  [INT)
L. 25-32— = RAW+2  LINT)
CL, 34— RAW + 3 (INT)
Ol 3629 wrader  (nm[X_PorRori - R0+l )
CL. 41 -45——=RAW+5  (INT 1
CL, 45-55—=RAW+6  (FL) -
CL. 57-62——+RAW +T  (FL} gfsg“ J:o 'N:"Rr‘ HTR
CL. 64-69——>RAW +8  FL) o ST.READ N/ start
OL. 71-T2——*RAW 49 (INT) hS AP CARD

(=)
®




v CPCARAL ’ OFRe -1

RAW —*SPHER ™
ur NOT‘ ZERO) CPCARB] —(CVENCt3 ) ———wXR4
N E, CASE, | F INPUT
' R?‘”: S :Z‘)(*‘ ® FoR TaAT WoRD Nor o pm
T STORE
2 RAW 13—>CNTRX {CNTRX)
- RAWAE—~#CNTRX + 2 (STERA} - !
RAW+6——"CNTRX+ 3  (FACTR) i
RAWs7——+CNTRX + 4 (YSCAL) l XR4 —re— e CRETC ,
RAW +8—=CNTRX + 5  (CHERA} l
RAW +9—>CNTRX + &  (CTERA)
[ - creTie n——xre |

READ CARD 0R

»
TAPE AND FORM :

i
1 Bep 1MAGeE 1N ceH2 !
BUFFER (0,1, 2,...) '

CRETN+ 2 i TMAGES IN BUFFER (0,1,2,...)

ARRANGED AS

cl. 1 cLMi (eco) | ERROR
~{CRETN+2})—+XR4

(

CL, 2-5— NR CINT?
¢L. 6—————— TYPE (BCh)
CL 7~ 3—=RAW CINT) CDALR
QL. |5~ 17—+ RAW+ [ ([NT}
CL, 18-24—=RAW+2. (INT)

it

. CL. 26-28~——=RAW+3 tINT) . CDALR,
CL. 9-35——= RAM«4  (INT} ;
CL. 37-329——+RAW~5 LUINT) :
CL. 40-46—= RAW+& {INT) PRINT "ALARM" \
CL. 48-50——» RAM 17 ONTY SEQUENCE |
CL. 51-56——+=RAW+8  (INT) l |
CL. 60-62—=RAM+9  (IKT) |
CL. 63-68——*RAW+10 (INT) | HALT € TRANSFER !
CL. 70-T2—+RAWAIT  (INT) To (CRETN + 1) !
SAME. PAGE

CRETC ;——+XR4

comiR  -¥ coAR )
1

PRINT "ALARM"
SEQUENCE
HALT 4 TRANSFER]

TOo (CRETN +1)
PRTE A%

HALT ¢ TRANSFER
TO (ECHEK + 1)

HALT & TRANSFER
TO SCARD

SAME PAGE

PAGE A®

[ ~(5cARD)——+KR4 |———» DEXFR )

PAGE Al9q

A3




~

TRANSFER TO —
2nd TIME AND THEREAFTER

- ‘ TRANSFER TO —
V21 TIME ONLY

[ Crra ecmmnd——s=gorro |

NR-—ENULL. [ (NR 13 STATION N

UMBER }

ECMAD J
[ 20(NR-ENULL + 1) —=ESDA, |

NR— AC,

[ac+ TPe——=BWFY | (R 1N BU

!

TRANSFER

TEMP (0, 1, 2,3,4,5)

( ESAVE 44 p-——————— e m— |

~(ESAVE + 4) R4 |

FFYD,I TYPE N BUFFY,)

| RAW 16,7 8,9,10,11,) TO| TRUE &,a,h

DUMMY FOR “E" MEIGHTS

SAME ROUTINE AS
BEFORE EXCEPT NOW

THE SECOND CARD OF

(ESAVE + 5 Je-

THE [sr EXPOSURE
STATION |8 READ -—
DCES NOT CHECK FOR AN
E,G ot S CARD AT THIS TIME

NOW  CHECK
FoR "B CARD —@—-ﬂ —(ESAYE + 8)——xr4 [— CONR D

[~(ECARZ + 13 )—>xR4 |

PLH

PLH

[xra——recer ]

ES
FILE CONVERTS -
PRINT ALARM HALT £ TRANSFER
TESY TO SEE |F THE BLANK TO Rs‘équauca :0 LCﬁETN 1)
ESTIMATED VALUE 1S (-0) | MINUS ZERD
IF S0 ~ USE THE TRUE PAGE A%
VALUES ~ |F TRUE VALUE | l——-( EcaRz= » - W ECARZ-|
|5 (-0) TRANSFER To—i .
FINAL YALUES LOCATED | —cesave + 8y —>xra |
IN RAW (6,7 8,9, 10,H.) T -
- ) PRINT ALARM
( CDALR —’( COMALR 1 SEQUENCE

1

To

HALT 4 TRANSFER

{CRETN +1)

PAGE A2

A4




4—*XR2.

{ TRaw+ 0= xRE)———>Ac |

l PLHh

| traw + 1t wR2T——>mg |

4 IN BUFFY + ! ] IN RADIANS
A IN BUFFY 4+ 2 B3

ANGC
ARGUMENT IN AC & MQ

N

PACLK THE TWo WORDS
REPRESENTING { ANGLE

INTO | WORD |N RADIANS
| —RESULT IN AC B3 (FIXED)

IF ERROR

) >
DEG., MiNyy SEC, L1000 TRANSFER TO {1-XR&)

{ TEST tar WORD FOR (-0) }

[[craw + Hxez]——>Ac |

<5
()

ES

[ ——y

PLHC

[-praec——exsa

SAME_PAQE
ANGC

[ Ac——=rBurFy+3-xri7 |

r AL—>COMMON + 3 ]

)|
R

GINES CoS e
| IN FIXED, BO
IN_AC

PAGE A3 L,A\c————r COMMON + 2.]

[Sircres3)——=xre F—{ sncos) 1
T [common+ 3 ——=ac ]

i
| Ac——=[BUFFY 8 -%R2]]

7

[a—Tourey + 9 - %ked |

! ‘ 1
PLHD |-(sncos + 10—wxe4 |

= [Ac|—=sc

| AC—*[BUFFY +3~XR[] |

GIVES SIN e
SNCOS+ 14; IR FIXED
IN AC (B0}

R0 LCOHMON A 2 MQ l

"ELXED POINT NALUES

SIN ¢ IN BUFFY +4 |£Exc,—-————>xa+ ]
 Cos ¢ N BUFFY +5

SIN % IN BUFFY + 6

CoS  IN BUFFY + 7

T s N AC
cos IN Mq

~(PLHB + 21—XR4

VEN o cven )
]

PACK T™O FIXED NUHBERS IN AC &

MQ

WORD, FIXED, (B25) IN AC

(B35) INTo ONE

25

<\ IN ONE WORD, FIXE
8

o]
IN BUFFY + 3

AS




H IN RADIANS &3 {N BUFFY 4 30
f ‘ e IN RADIANS B3 IN BUFFY « 3|znxeo
" y ‘ Yr IN RADIANS B3 1N BUFFY « 32
{ e——* XRZ.
' ' SIN H BO 1N BUFEY + 24
L 3“—*XRIJ cos H BO N BUFFY +25
. SIN % B0 IN BUFFY r26]
o cos x: BO 1N BUFFY + 27{ NP
[Crav+ 6 - xR2T——=hc | SIN Ya BO IN BUFFY + 28
Lcos A BO (N BUFFY = 29
[crAw+7- xRa]————MoJ _ |

[-cEany + z)——-——vxm J——-’GNGC )—-Ll_)

L PACK THE TWO WORDS
3 REPRESENTING | ANGLE

: INTO ONE WORD. [N
TECNV+ 4
( . ANS — RESULT IN
e B RAD[ANS RESY IN

1 AC (FIXED) B3

:

\F ERROR
TRANSFER To CDALR PACE A3

[ Ac——=[BUFFY +33- XR Bl

1
[Clecw s1i—=xra_|—(sneos )--+(sncos )
{

| COMPUTE SIN & CO0S

ECNV+ & PSIN IN AC BO}F(XLD .
cos N MQ Bo SIN ¢ TRANSFERED To BUFFY « 20

] i
Q i
* cos & BUFFY 1 21 [&
ECNv+ G SIN » BUFFY +22(o
J cos BUFFY + 23 1
[ Ac—>CBUFFY + 30 - xR2] i
. T —CBuFFy 18- x———>AC | _
[a—>CBuFFy + 31 - x2)] % SIN ¢ (N BUFFY v207)
[Ac———=BuFFY.+ 24 - xa2] | cos ¢ aurFY +21 |2
SIN ~  BUFFY £22 g
cos BUFFY +23 | o
SIN H BUFFY + 24 S
cos H BUFFY +25 \ N
)
SIN X;  BUFFY +26 [T
Cos Ky BUFFY ¢ 27 [ &
: SIN Yy BUFFY 4 28 | !
CoS Yr surey « 29/ Zf :
| rBuFFY + 30 - xREI—AC -
-
& POOGL NOTATION
(FroaTye— —eFLo + —>x84 | W, IN TEMP
) Mz IN TERP <
TEM®
FLOAT Wi IN EMP 4+ 2
My M TEMP 3 |
IN TEMP +4 |\
FLOATS THE ARGUMENT IN R THE CHARACTERISTIG o v s (€
THE (AC), RESULTS ™ Tkt(m (STOO LARGL ORTOO SMALY ) 2 9
Vs IN TEMP 4 & ;
Wi N TEMP + 7 j
[ Ac—=reurey 4 30 - xkal] CDALR Wy IN TEHP 48 '
PAGE A3 :
R2>1 AR2 ~ |—=XR2. - :

[sing——Tene+s | — Cos ¢ Cos n—aTEMP+2| —HCOS H COS YrTEMPrI2 |

NG | l
|
l

. : 1 N—
FN $ Cos 7 —TEMP+] | [ ~siN n———TEne 1 0] [=sin v, ———>Temp+ 15 |
[cos p—=Tenr+7| [cos » ——Tevp v 3] [-SIN X——=TeMPr 16 | ?
[cos ¢ sinn—wTeivs]| | [o TEMP + 6 | [(1-sin'Y, = 51 —sac]

{ ]
[-sin ¢ sin n—sTEMP+ 4 ] [sinu cos yy—rernrsg ] [iHFesT+ 39 )——wxes I'—@ A




E

()

TAKES THE FLOATING ARGUMENT

| INTHE (AC) AND DETVERMINES —
THE o TRE RESULTS | IF THE ARGUMENT 15 —  |-—{ CoAtR )

ARE IN THE AC IN FLOATING PAGE A3
MFEST «4f
2 1 2,
(1= SIN Ve = SIN' XY TENRN 7]
. lDODGE NOTATION 1S USED FGR CONVEN!ENCE )
—————————=TEMP+ 1O
[ Mz e110] DODEE MeTATION
Vi (N TEMP 44
l Wy ——————TEMP « ‘ﬂ Wi, IN TEMP + 10
Wis IN TEHP 4 11
[ Wa————=Temp 1] My IN TEMP e 12
N2 N TEHP + 13
[ ey 13 Mas IN TENP ¢ 14 TEOATING
1 Mz IN TEHP+ 1S
My IN TEHP + 16
~(EMOYM ~ 3)——% R4 XNY - 32
[~ ) '( XN L} ’C”"”:" ) Wy IN TEAP s 17)
MULTIPLIES 2 (3% 3)
(eMovm—)e--{Erovm-1 - MATRICES LocATED RDGE HOTAT].ON
‘ Mo (N TEMP + 18
IN TEMP (0 - B8) [W1 AND il
TEMP (9-17) (W] To :"— :: TENP ! ;Z
GIYE TW1x0W] = [M] N » TENR +
mew 1 0 e ol T e L
TENP + - E— - n T 1 LOATING
l[ NP x 27 - XRd 1 — NO ERROR RETURN Wi IN  TERP 4 23
[sc—=cBUFFY + 17~ k21| My N TEMP + 24
M3z N TiHP + 25
My IN  TEMP t 26
XR2:- 1 —AR2.
DOPGE  NOTATION
M, TRANSFERED To BUFFY+ 8§
Hie BUFFY + 9
Mis BUFFY 1+ 10
Hy BUFFY « 1|
H BUFFY 412
Hi: morry :13 FLOATING
[ CaUFeY + & - xRAT—ac|
Ha, BUFFY + 14
Mz BUFFY « 15 ¢
| Ac—+LCTEMP - 4~ %R2] | My BUFFY 4 16
@ @ XR2—1—$RR2
SIN ¢ TRANSFERED TO6 TEMP
cos ¢ LMP
@ S TEMP 4 | FIXED
SIN 2 TEMP + 2 80
SIN TEHP 4 3

[ BUFFY 43— ac |

(B TRANSFEREL To TEMP + 4,
fAc———vemp+4 | FIXED, B25 |

| —(EREsu+ 5)——=xra J—.@Fi)

Lcos ¢ COS N—>TEMP + 9] BO

[cosd sm »——*TENP+ 10| BO

l n"‘_—\
L(l—e‘slN’¢\—vAc tHa) 8o

i
[ ~(ResEC + 13—+ xra ]-_.®

AT




‘ TAKES A DOUBLE PRECISION
—( - e !
@‘ XSQRT } XmaRY ARGUMENT IN  AC & MQ ~ OBTAINS
FIXED SQUARE RooT @0 — RESULT

ERROR RETURN
To
RESULTING  FROM

(resec -~ RESEC 151 v IN  AC >

A (=) ARGUMENT IN
(Ac} R + BY ©

e
!
2 2 ta |
(V-e?sn*42™ eo) |
i
|
(s e2) i
|
[ae = remp+ s—wmaac i
{
A
(== ESTEF SRS 825 :
'
i
{
[ACQ‘COHNDN——-————-’-AC ‘ (
A g25s|
IAC.——’-CQMMON-tl I (h *((Tsmt@'ﬂ) ( XN TEMP+ B
T | ¥ AN TEMP + &
l(cosé cosn) [ maliommy i JoTENP + 5| m2s | Z N TEMP+7
. §
i(cos¢ siimhe =B ]-Tiveee| 825 |
i |
[(=emicrh)snd—rtene+ 7| 825 |
. |
S
i i
I
i
|

________ 4 N

z

< ;!
][TEMPf 8 - XRZ]———stQ [
{

AR2 = | —»XR2.
E«z ~————— [BUFFY + 20 - XR2) ]

(SEE CONM ENTS)

NEXT PAGE
ESpMY i ]
[BUFFY + 20 - XRZ]—* AC | I ~(ESAER)— ¥R4 ]
IAc———[EsnATA —xm]}-
PAGE A%

DEXL p————® X R4

CDALR

PAGE A2

\
?:‘*:; /

K TRANSTERED To BUFFY + {7
BUFFY & 18 {FUED
BUFFY « 19

B25,

]
1
i
I




WAS_(N

1 BuEEN+Q

o

fexster v\ —Evare | |
2

o—wne 2

. &
e
7

8

q

16

u

12

i3

(TYPE N 14
TEMP+1) 15

1 6|

17

18

[ 9

TEHPA] —

ESOm

NR
TYPE
¢
~
h
SiN ¢
cos ¢
SINN
cos »
My
Mll
My
Mz
Maa,
Mus
M
Ma,
M3

N
"
"

= 200 NR—ENULL +1)

(ESDATA - ESOA)y ¢

(ESDATA — ESDA)Y,  (BeD)
ESDATA - (ESDA~ 1) (RADIANS FIXED, B 3)

ESPATA — (ESDA - 2)
ESDATA - (ESDA - 3)
ESDATA - (ESDA-— 4]
ESDATA ~ {ESBA - 5)
ESDATA - (ESDA - 6)
ESDATA ~ (ESDA - 7)
ESDATA - (ESDA - 8)
ESDATA - (ESDA - 4)
ESDATA - (ESDA - 10}
ESDATA - (ESDA - 1)
ESOATA - (ESDA- 12)
LSDATA - LESDA -13)
ES0ATA — (ESDA - 14)
ESDATA - (ESDA - 15}
ESDATA - (ESDA - 16}
ESDATA - LESDA - I T)
ESDATA - (ESDA - 18)
ESDATA - (ESDA - 19}

[ —(ESCNT+ 10— XR4 }———-( PREDI T )—----( pmzoﬂ
I.

(EseNT +20 k--—-m

INT)

LRADIANS FIXED, B3)
(FARED , B 2B)
(FIXED, 8Q)
(FIXED, BO)
(FIXED, Bo)
(FAXED, BO)
(FLOATING)
LFLOATING )
LELOATING)
(FLOATING )
(FLOATING )
(FLOAT{NG)
(FLOATING)
(ELOAT|NG |
(FLOATING)
[FIXED, B25)
(FIXED | B25)
(FIXED, B25)

[37 LINE

_BRINT QUT
PHOTO NO. TYPE ¢ (RADIANS) "N{RADIANS) h

[~ _PRINT OUT
NE L
[x  momena] [ MM t] (2 Wy Ms:.”ui
T

CFﬁTzJﬁ_-'l___) (CHART PAGE A )

Aq




},

LI

GCARD D)

40— x&{l

( RAW +2 = NO. OF FIRST PHOTO.OF CONJUNCTION PTi)

I‘ AC— w[bu:F‘{ +40 - xm’lj

KR~ |—>RRE @ @

&

(NR‘ N BUFFY, (nm)

3 UEF [}
NR——— BUFFY, TIPE N BUFEY,  (Beo)
TYPE——*BUFFY4
RAN ——>AC {RAW= CoNJUNCTION T, No.}
[ RAW————=tBurti+ 11}, {CONJUNCTION PT, No. I (BUFFY +11), (1wmi)

[Craw+ 27+ Ac——»nc |

[
:

[~ecarp v 12)—>xr4 |

PLH
ORIGINAL  DATA
RAW + &
$ DEGREES MIN., SEC, Sec/ .. oo 7
SEE PAGE. AS
vses  (Cawe ) LSRRI /i
@ RAW +10
cos h FEET, FEET /[ RAW +1 1

CYEN EINA)
b IN  BUFFY + | uuomus\z Fixed 853

N OIN BUFFY 2 (RADIANS)
C:b N y FIXE 8
GCARD + 13 ot BUFEY + 3 (FIKED) B25
SING IN  BUFFY +4

BUFFY+ 11 |

i

Fi XEo | a0

SINw [N BUFFN+ &
Cos n AN BUFEY + 7

= A) (TEST FOR TYPE A)

GoES To (GCARD)

ONLY 1F
¢ 2,0k h ARE
NoT WNOWH.
IF TYPE A, ALL
' YALUES MUST BE IKNOWN —
@ CRECKS THS CRITERIA —
IF ANY ONE 1S (-0O)
GO To CDALR.

AlO




® @

®

[—Lmne&»fa)—'-me

PAGE A3
l KR4 - \—PXR4 |-7[‘

Fei-1NLN i
| [ CBUFFY + 8 - XR2]—Ma |

i

|x&2— VP RR2,
LMQ———»TEM? +4 - KRL |

< XR2yT=>
(xe)

l BUFFY+ 2

—=Ma_ |

| Mo+ TenP +4 |

- X R4 |

SEE PAGI A8
USES

(RESEC ).___< RESEC H—(GSUR«»S).
T .

CRETD

i
(asura7 )=~ {csu&m——‘——‘
rl

SIN & TRANSFERED To TEHP
cos ¢ "
SIN N "
cos N "

.

v TEMP 4|
w TEMP 4 2
v TEMP 3

((h TRANSFERED To TEMP 44

X IN
Y N
z N

[CreMp+ 8 - xR2T—[BUFR + 1l - xr2]]

WR2~ I—FKRZ @

< {R2YT=>
()

[-(ocany - N——>xrs |

DPGW A

TEMP + 5

CFr¥ed, 825] )

TENP + & [ paen B2sS

TEMP £+ 7

K TRANSFERED To BUFFY+8

N
z

"

n

. BUFFqu?
. BuFﬁH\o)

¥

FIXED, B2

FIXED Bo

All




, \ ¢

SFEe  PAGES A2 43 1
USES
N FORMS [MAGE
IN BUFFER (0, 1,2,...)
AND THEN
CL, | ————»CLM] 18ep)
CL. 2~-5——=NR CINT)
CL &———+TYPE (BeD}
CL, 7~ 13 ~——PRAY ( INT]
CL 15~ 17—~~RAW+ | CINTY
CL, 18- 24—RAW+ 2 (INT)
Che 26 - 28—, RAM + 3 LINT)
CL 29 ~35—=RAW + 4 CINT)
CL. 37 - 39—#+RAW+ 5 LINT)
CL. 40 -46—+RAW + & CINT)
ClL. 48 ~BO—sAAWE 7 LINT)
CL. 5i -58 —»RAWt & LINT)
CL. 60 - G2~—eRAV ¢ 9 UNT) !
CL, 63 ~68B—RAAW+ IO CINTY 1
CL. 76~ 72——+RAW+ [I  (INT) l

|
(aerris v F—-oGcani 41 ) '

{TEST FOR ¢ cARD )

GCALR

-1 !

(TEST FOR STRIP 1}

]
]
i
1
!
{
|
i
i
]
i
i

acAR -t acAR )
' I
QES l"(GCALR\—.’NM l—o( COAR )

PAGE A2
: (8 ————>XRI
[—tawvas N———>rrs b Fire Jooop{ FILE )

CL, 7-\7—>TEMP ¢ |O JFLOATING ] H
CL. & - 28— TEMP + 1] LFLOATINGY ,
CL. 29 - 3—=TEMP + 12 (FLOATING) :

CL. 40 - 5O —TEMP 4 13 | FLOATING)

CL 5 - 62—=TEMP + 14 (FLOATING)

. CL 63 ~72—=TEMP+ (5  (FLOATING)

GW A

PAGE A3

&

Al ]




GWC

| Foc»\l.———————-::—sn?« aJ

| Crene« 16 - xR2]———=AC |

{FocAL, FROM "0 cARe
1S 1N FLOATING )

(vEST POR x=-0)

[ % noTene
¥ 1N TEWP ¢+ | [ FloaTiNg =(3)
-f IN TEMP~ 2

¢ 3
] [TEMP +17 - XR2]——eAc |

SINCE § 1S READ
N A ()

[~tawo+ 2\ ———xrt = nors )-=-n( unorn

| OBTAINS THE DIRECTIONAL
COSINES OF THE |[MAGE TO

vses GaRD

DODGE
TAT! ON

TEST Fol CAMERA  MITH

Y=o K= IN COMMON (%24 Y24+ 4707 N TEMP 44 ane
z .

T* IN COMHON ¢ | Em 3/(:»,4)';‘ INTEHP + 8 ani | £ 18 )

4+ [N COMMON +
Y o
Gy vy gan| WTEWP Lo anty
'REST OF CARD

+ .
%’w»« | N TERP 7 tan3
1S BLANW.

“GWD t4 ——-{ Gwp +4
GWE

[ Crene+ 8- xrRa1——=na |

ENCOUNTER OF
X=-0 §¥Y=-0
(BLAMS)  ASSUME.

[Ma——=rBuFry <32 - xe11 |

NRgy AT START =0
AT END = NO. OF PROTOS
WITH A COoHHMON G.P. THIS

i
STRIE (1) 1
: anx® TRANSFERED TO BUFFYy 14) COMMON FOR !
I ng,————xra ] any® W v BUFFY+ IStV mmeE or 1% | !
+an3‘ - *  BUFFY+16) ProTd oF STRIP | |
[ XR& 4 |————XR4 J anxs " = BUFFY$17)ConMon FOR - ,
- any* . + BUFFY+I81Y IHAGE ON 2% |z |
I XRa AR ] +ana® . «  BUFFYa1q)PHoTe of STRR 1| B ,
\, b <]
™ anx* " * BUFFY +20) FOL CoMMoN g !
any* K w  BUFFY «21} INAGE On 3%
» + angt - »  BUFFY +22 ) PlHoto OF STRI? |

@_.__ T et €))

AL3




| TYPE——XR2

(1F TYPE WAS 2.)

———————— i e
1
((eurrv $12)p = NO. oF PHOTOS ENVOLYED R THia scTY |
(strae 1) )|
(BUFFY 4+ 1214 = NO. OF FIRST PHOTO OF TS SET i
CaTmie 3/ ¢
[rce——Burri 12 | :
i
N LIF TYPE WAS 1) |
I-(echkz) > XR4 I ( CF‘ET" J LWL THEN READ E1THER :
I __READ CARD TYPE 2 OR NEXT SET)
vses  CERD) GLLD !
cLt CiMI  (Ben) { :
CL.2-5 NR  (INT} | ;
CL. & TYPE (BCD) \ '
CL.7-13 RAW  (INT) ! i
CL.15-17 RAW ] {INT) : i
CL. 1a-24 RAW+ 2 (INT] ) i
CL. 26-28 RAW4+3 (INT} ! |
CL. 29-35 RAW <4  LINT) 1 |
CL. 37-39 RAM +5  (INT) 1 '
. CL.40-46  RAW«6G (INT) | |
CL. 48-50 RAM +7  C(INT) :
CL.S/-58  RAW+8& (INT) !
CL 6o-42  RAW49 LUINT) !
CL. 63-68  RAW+IO UNTI §
L 70-72 RANEL (INT)
i acs2

CiMb AC

/(B\JFF1 +13),= No. OF PHOTOS
27= G ENVOLVED IW THIS SET

(STR$ 2)
R G CAR
(TEST Fo ew °) [BUFFY + ‘31“ = NO. OF FIRST PHOTO

OF \ SE S P
;

E—FBUFFY b l’:\]‘

[~taesz e n ——sxra]

READS FIRST CARD oF CRETN
A NEW G SET.

SEE PAGE 2,3, § G3
SAHE FORMAT AS APPEARS
ON THE LEFT SIDE OF ‘\’H|S'PKE1

RETURNS To @

(ruwsrms To @R IF G)
CARD WAS TYPE 2.

(s TYPE 2)

3nx® TRANSFERED To BUFFY+23

T T T e e e e e e e e e mme e~ - —— e ————

any® . * BUFFY+ 24

__ +an3® . * BUFFY +25

» anx* . ¢ BUFFY +26
any . * BUFFY ¢ 27

+any - * BUFFY 428

annt . * BUFFY 129
any® - v BUFFY {30
ana® . * BUFFY 431




@‘

({TYPE OF LAST SET AS DEF{HED BY FIRST CARD OF SET!

(TYPE A FORNS NO O.D. BLoCKS)

______ —————l

NO Wz

(OTHER THAN. A}

r&uronz,,——»mz.j {1 PHOTO - STRIP | FORMS NO 0.D. B1OCKS )
(NONE OR ONLY | {MAGE/ EXP STATION}

HALT § TRANSFER
TO GMWZ

=

GWN e —— e e——o

U Y

Cave toescl
af/z }

1]

i

1

1 I

| I

I ( ENULL® ¥ OF VERY ﬂ@) AC = NUHBER OF PHOTOS BEFORE SET)

) \EXPOSURE STATION :
i ,
] L — )
: [}
] ]
; O T ;
‘ :
5 |
i } 1
: ' |
: l '
{ (= NUMBER OF PHOTos) ] :
! BEFORE SET E ]
! ' t
i (=" =i } L i
: \\\ t
H = e |
: AC,— (COMMOR + 1) == '
I ) : | \’ |
b [oewne 7i—sxea —(Coarx }2o( mrx ) !
| DETERMINES THE 0.0 BLOCKS N |
| ASSOCIATED WITH THE EXPOSURE | XRI—=( CoMMON 4+ a).,J‘ 1 i N
{ STATIONS INDICATED BY THE ! | !
} GROUND FOINT . EXAHPLE. ¢ [Xrz—= (comvon “”d | ! :

~ !
| E Fsha-abel ?_ |I i i
] e2hiaorer) o [xR4—=(common sl ] 1| I
1 I-6|-51-4 X \ H 1
| A3k2 s : ¢ ;
]

: a COHMON ——Ac Lo ; TRANSFER [ |
! | & b : To awz |
| FOR A GROUND POINTWM 3 (HAGES, [ A — EXSTN+ 1) —=..C | . l ;
| THE FIRST EXPOSURE STATION, BEING | ! | |
V3, THE oD Blooks E6-5:3] H {_ i i
1'WOULD BE PERTINENT, P T 7 I ! |
| INTO EACH PERTINENT 0DB, A ONE i ! ! i v
1 (D IS AGDED (EACKTIME iT 1S [E(cmmom. n- EXSrN]—~AC . : H ———— e X ef
| PERTINENT) INTO T | |
H MATDEX ~ {0.0.8.) I3 :
. L]

Cy
©x
S —--

1% A op8
THUS THE FINAL YALUE 15 THE NUNBER OF
@ GROUNS PoITR WHICH WILL PUT YALUES
INTO T™AT 0D 8.

AlE




©

FOR EACH PAIR OF
PHOTOS 1OTHER THAMN
ATYPE'A" ) A 1
\S ADDED TO A
MATDEX

1
1
[}
|
|
]
|
I
1
1
(1R 4

PERFORMS SAME

- FUNCTION AS PREVIOUS
ROUTINE, BUT NOW FoR
BLOCK (PHOTOGRAM -
METRICALLY SPEAKING}

MAX., No. OF 0ODB
(NOoM ZERO} IN ANY
ONE ROW OF THE
NOARMAL MATRIX = 4
FOR A NAX TOTAL
OF (NON ZERC) ©DRB&
oF
(96x 4+2+241) = 390

MARK

e e e L e — e = — — -

2]
£
o

<G>
=)

[EmaToEx - xR J—Ac |

I (BUFFY 413}, ————=XR2 I

( )y
] Pr— [ (ourFy w12 : xel |

[ BUFFV+|S'————AC |

i

IAC.- ENULL——= AL |

1

[ Aca————= comron+) |

i

[ ——— ]
1
[Ace——— common+2 ]

1

[BuFFy iz ————ac |

[ A ——[MATOEX-XRI T, |

@ XRi ) |
& |

(COHMON + 5)5———=XR4 |

(COMMON + 4);———>XR2
[« ]

[ tconmon+ 31,———xru | [Ac- enoL——ac |

GWRR
l A o> COMMON I

GWN+8

| common + 1—————ac |

|

I
'
1
1
1
i
|
1
1
r
t
|
i
1
I
|
|
|
1
i
§
{
1
[}
1
\
]
|
|
[}
1
1
[
]
1
i
|
[}
1
I
i
1
|
1
i
1
|
i
[
1
1
]
|
]
L]
1
i
)
t
[]
[]
1
i
l
1
|
3
]
i
i
1
t
)
—————— FELLD) !
L_. m IF ENTRY TO MARX 1
| WAS FROM — GO TO !
|
]
i
]

é)

[~tawar+1) ——=xr4 ]

o e e b e e e _____,@

()Gt
® ®

AG




_@
1S
_@

X

R]~t——XRI

o e e — e e B —

[-awz—sxe4 |—_praws )--+(praws )
e ],
puMY G P.
(Gwz"‘ )‘_( GWZ"‘Q‘"“'{ REGCD—’XRLI WEIGHT ROUTINE
[
[?RPOL‘. +1

GPW SWTS

areoe |

BUFFY —=AC

{TYPE IN TEMP+1)

{NR IN TEMP)

(NUNBER OF PHOTOS ENVOLVED TKIS PT. STRIP I

AT




@ ®

. [ -tawze)

xas | o PKEDIT )——--

BRINT _OUT

4 N RADIANS  Aan RADIANS  h iy FEEY
RK RY R z {CONJUNCTION

.
(wPHo-ros THS mmf.) (Ng OF THE FIRST ) ) . .EI_L(.C:U_,_‘
ON —THIS STRIP ( EXPOSURE STATION) &, a ‘at =
] m.s°rjf TAT ™ ny fa.,' a F
2y + 8z, aax 83y"  + Qs 1]

i

is‘ A STRIP 2 nNcLUDmﬂ

_PRINT QUT

PHOTOS |MAGE cu—) (NR. OF FIRST EXPosuRE) a* aX afa
THIS STRIP {2) . J ISTATION THIS SET Sy TG S

. :
g ¥ 3t At Ayt +8,5"

‘ d CJ = No, OF FIRST PHOTO OF CONJUNCTION PT:

BUFFY, = GROUND PT. NR (INT)
i COPIES ONTO - BUFFY, = TYPE [§:1d)}
- TAPE 147 BUFFY +1 Z ¢ IN RADIANS (FIXED, B3}
‘ @ BUFFY (0,1,2, TOo 37) BUFFY+2 = 2 IN RADIANS (FIXED,B3)
© CHECK SUM FROM THE BUFFY+3 = h N FEET (FIXED, B25)
CAD  INSTRUCTION BUFFYt+4 = SING {FIXED, BO)Y
1 BUFFY +5 = Cos ¢ {FIXED 80)
BUFFY + & = SIN N IFIKEQ 80O}
;EQLN\{S ::2; BUFFY +7 = COS n (FIXED, 80)
BUFFY+8 = Ry (F1XED, 825}
BUFFN+ 9 = Ry {FIRED, B2.5)
BUFFY +10 = Rz (FIXED,B25)
BUFFY + 11, = CONJUNCTION PT NUMBER (INT)
N H BUFFY +11, T QJ LINT)
3 BUFFY 412, = NO, PHOTOS THIS SET - STRIP | (INT)
P 3 BUFFY 412, S NO, OF FIRSY PHOTO THIS SET (STRIP 1) ((NT)
BUFFY 4+ 13,= No. PHOTOS THIS SET - STRIP 2 VINT)
BUFFY +[3, = NO.OF FIRST PHOTO THiS SET (STRIF 2} (iNT!
@ BUFFY + 14 = a,’ (FLOATING}
BUFFY « 15 = d4y° (FLOATING)
PAGE A3 BUFFY + 16 T +a?,; {FLOATING)
BUFFN « 17 = a," (FLOATING |
BUFFY + 18 = a,.“ {FILOATING )
BUFFY + 19 = +8z3 (FLOATING)
BUFFN + 20 T A, (FLOATING]
BUFFY + 21 = day* (FLOATING])
BUFFY + 22 = +agy (FLOATINGY
BUFFY 5 23 2 8§ °% {FLoATIRG)
BUFFY + 24 = 3,,% (FLOATING)
BUFFY + 25 = +a,}°4( (FLOATING)
) BUFFY +26 T  8,,% (FLOATING)
: BUFFY + 27 2 a4 ( FLOATING ]
BUFFY +28 = *61{“ (FLOATING)
BUFFY 129 ¥ &, (FLOATING])
BUFFY + 30 = u"‘l" (FLOATING )
. BUFFY + 31 2 +34,% (FLOATING)
BUFFY +32 = -0 CINT)
BUFFY +33 = -0 CINT)
BUFFY +34 = - 0O CINT)
BUFFY +35 = -0 CINT)
BUFFY +36 2 -0 CINTY)
BUFFY+37 X -0 CINTY

Al8




THE NORMAL MATRIX WILL BE N * GN S/ZE AND WILL CONTAIN
N2 G x @ BLOCKS, THE BASE 1S | BLOCK PER PHOTO PLUS (+
| BLOCK FOR EACH POSSIBLE PAIR, NOW THERE ARE N(N-I)
POSSIBLE PAIRS OF PHOT®S (OR, THINK OF THEM AS OFF-
DIAGONAL BLOCKS ), SINCE THE NORMAL MATRIX |3 SYMMETRICAL,
ONE NEEDS ONLY TO WORRY ABOUT THE. N DISTINCT BLOCKS

AND r_“?li-) CFF- DIAGONAL BLOCKS. FOR THIS PROGRAM

ARP ———REGA

XR2 ————— REGS

NyMax = {00 o NAN-D) = 4950

EXFR +3 EXANMPLE, FOR N = &

O ————=COMHON

o

I 2 3 4 5 6
NN

L

NOTATION INSIDE 1S FOR

! % L it i MATDEYX ADDRESSING
M-to|M-9 [1-8H-
P z b Ju N-pop
3 M-6 |15 -4 MaTpex — [N-g+ 1+ Z () ]
3=y

4 M-3]N-2
ML, o [ A
(MATDEX~ RR2}—+AL

’“D:‘c‘ (MATDEX -1 TO MATDEX = 4950 COME IN )

AS ZERO IF NOT REZLAVENT To PROBLEM

(Exnsr WITH SUCCESSIVE JUMPS IN )
VALUES OF 26
EXAMPLE  Assume  MATOEX (1312 1),
9,8, 7,5, 4,2\ CONTAIN ZEROS, THEN
MATPEX~ | = 36k
-2 = ©
-3 = 12
-4 = ©
-5 = O
-6 = 08
-7 = o
-8 = O
-9+ ©
=10 = 144
-t = @
-12 = ©
H -3 = ©
-14 = 18O
-19 = 26
(COMMON +1),= 15
TEMP * {80

[MATDEX~ § ] = MULTIPLES OF 36 (ONLY FOR PERTINENT ODB)
- PROVIDES A BOOKING SYSTEM FOR STORING
THE BLOCKS - GOES BACKWARDS.

[MATDEX - j], = NUMBER OF GROUND PTS. CONTRIBUTING
To THIS  ©0DB
(=3¢ @)

36N

(Q = N(N-1) [non zt.ln])
(=% N+ 2bQ ] =(NAX, 312& THIS Jos)

AC + COMMON —AL

AlQq




VELDEXg = @N

) VECDEX, = 36N 136Q
— B MATDEX, = GN UPPER LEFY
. DEMAK ~——=MQ DEMAX = 17640, MATOEX. = 36N +36.Q e comta

OF NON ZERQ

00 BiG
Mf_‘f'x ;ENH R 008 )N MAJOR 1
(w ECDEX ~ (g b(N-p +1) ) (= ROW) | MATRIX — RUNS

! FROM |¥ GOB
HALT & (NBEORX = Uiy = 6(N-q+1} [{=C0U) } yeee - 15)
PROCEED TO LAaAST OB
(HERE ~1) i
AC——»TEMP+{ - YECDEC~
(h2,...Q)
AL —— VECDEX =36 (N+Q) RS ALY
3, ksknl-ddazn
| AC,——— MATDEX ’{; | Wlsol-sl-8l-7
N €514
ﬂ ] -312
EXSTN —AC =N} ‘g i
' k4
| —— L ] I
[('?fi— EXSTN | ———AC ] = N) ASSUME 0B
-15,~14,-10,-9,- &,
‘ -%,-%,-2, -1 ARE
1 (= &N} B2,
| —xe2 ren meRe
| ExsMPE FOR
[ xre—=(conmmon +3), MATDEX -\ &
NECDEX ~f = 3o,
AC——>COMMON +3 | (ON= CONNON+3,Y a0,
———PNlyEs R R2Y ] FOR MATDEX - &
18,
NG
R4 1 VES VEBKR :

o TRANSFER

) PAGE Al9
(TCO NANY VECDEXS]  —
R{ )390 NES YECOV HALT &
| PROCEED ‘

NO |

XR2 -6 —>XR2 l ‘ ‘ V
RI)289 NES) YEXWR ‘

rHATDEX KR4 ———AC ]

: . NO, )
::S\I/izxs;&ﬂcs ZERO NEXT VECDEX :
ONLY IF KR+ | ——=XR} [LOCATION AFTER LAST i
MATDEX-j | PERTINENT VECDEX !
. i
NON ZERO o—»[VECDEX - XRI] LOCATION ;
|
VEXWR ‘
i

~YEXWR—~ XR4

, [ AC + (CoMMON +3V—>AC ]
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[-estverz)—sxra }—( cEasT ) tPAce A26)
[-iestye ai—exra |—{ Ea1z2 ) (Prce A21)
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(oS nismindl v CEQER +3 [FLOATING]) = &

(SINRI5IN S| IN CEQCLF +4[FLOATING] )} = §

(@ (4 RADIANS FIXED B3 1w MAP)

NOREG.

AC FLOATED AND -
(-cos & w CEQEF+5 [FLOATING)Y /THE ALGERRAIL SIGN OF THE)

(MaP+ 4 = cos ¢, FIXED  Bo)

STORED CEQCF +5
N ceqer + COSINE S TAKER AS THE

_[____.____ OPPOSITE OF ¢

YESPOS

—v{-(m\mw)-——»m ] €

Ac FLOATED AND ‘l (~Coa & m CEQLF + 5 [FLONTING)

STORED N CEQCF +5

(1~ ersm™$) REPLACES AC £ Ma-
1S ™ Via XSQRT AND THEN
FLOATED ViA FLOAT RESULTS
TRANSFERED INTO TEMP+ 6

1

aa®siNd cozd IN AC
IS FLOATED, STORED (NTO ac |

i
[ D-e?sin® 61" 1 TEWP+ 6 [FLOATING] )

(6&" SInd cos b w (AC) [FLOATING] |

2 IN NORTHER !
l;: F/TEMPM—*T?M?*ﬂ (—?\i_c—f‘s—b%:s—\% IN TEMP+T [FLoATlNG]) = Z* LATITUDES
s {(TEMP +7) MusT
BE MAIE i
FOR T To
WORK IN SouTH-

- § 129

ﬁles +3 -XR2J—=AC I
1 K FLOATED AND TRANSFERED To TEMP+3
v w " TEMP 44

FLOAT £ AC 1
r TH A z w ~ " TEMP 4+ 5

|
[E—’”@ | I Ao —=(TenpPs 6 - xRZJ!
@—<E>

U

A3l




L)
)
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APPENDIX B
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